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TECHNICAT, NOTE NO. 1ilh

IEVELOPMENT OF CAST ATUMINUM ALLOYS FOR
ELEVATED-TEMPERATURE SERVICE

By Webster Hodge, L. W. Eastwood, C. H. Lorig,
and H. C. Croas

SUMMARY

. An experimental investigation was conducted to develop an alumirmm
alloy for service at elevated temperatures. The development work was
divided into three parts to determine: (1) The effects of heat treatment
and exposure to elevated temperatures on the tenalle propertlies of the
various alloys subseguently cooled to room temperature; .(2) the effect of
various alloy additionm on the room-temperature and elevated-temperature
properties of aluminum, 6-percent-magnesium alloys; and (3) the ilmprove-
ment in high-temperature creep propertlies of some of the optimm compo-
sitions.

From the results of the lnvestigation an experimentel alloy that
appeared to be optimum was found. The composition of thils alloy and an
approximate comparison of 1ts properties with two commerciel alloys are
presented in tabular form.

INTRODUCTION

This report contains a brief review of the work done and the results
obtalned on the investigations leading to the development of an aluminum
alloy for service at slevated temperatures. At the start of the investi-
gation 1t was known that the aluminum alloys containing a substantidl
amount of magnesium have good high-temperature strength, but their thermal
conductivitlies ares lower than that of Y alloy. Because 1t was believed
that the intended applications were of such a nature that heat dissipatim
would be a relatively unimportant facdtor, the obJect of the investigation
was directed toward the development of an aluminum-magnesium elloy having
mechanical properties substantially superior to other aluminum alloys now
employed fTor service at elevated temperaturs.

More specifically, the cbJject of the investlgation was to develop sn
sluminum elloy with about 6 percent magnesium which has substantially
better tensile propertles than Alcoa 142, otherwise kmown as Y alloy, and
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having better resistance to creep at elevated temperatures than the -
existing commercial or known experimental alumimumm-base alloys containing
magnesium in substantial amounts.

_This work was conducted at Battelle Memorial Institute undexr the
sponsorship and with the financiel assistance of the National Advisory
Committee for Aeronautlicse.

GENERAYT, PROCEDURE

An elloy of aluminum containing 6 percent magnesium was employed as
a base material anhd the development work was divided into three major
portions. The first portion of the alloy development was concerned with
the effects of heat treatment and the effecta of exposure to elevated
temperatures on the tensile properties of the various alloys subsequently
"cooled to room temperature. This phase of the work was confined to
aluminum alloys containing 6 percent magnesium with various canbinations
of mangenese, nickel, and copper which were found to have fairly good
room~temperature properties in preliminary investigations. The second
portion of the experimental work dealt with investigetlons cerried out in
a systematic memmer to determine the effect of various alloy additions o
the room~temperature and elevated-temperature tensile propertles of
aluminum, 6-percent-magnesium alloys. This phase of the wark was, of
course, conducted simultaneously with the first portion, but a longer time
was required. The second phase of the work resulted In the accumilation
of a very large emount of data on the effects of the various alloy additims
which led to the selection of certain optimum compositions.

With the information obtained 1n the second part of the Ilnvesti-
gation as & background, the third portion of the work was concerned with
the improvememt in the high-temperature creep properties of some of the
optimum compositions as previously developed. Because of the large
number of compositions for which creep data were desired, the creep tests
wore necessarily limited to dwrations of 100 to 150 howrs. The use of
such a short test perlod is not to be recommended except for a preliminerxy
appraisal in order that the trend of effect of the various compositions
on the creep properties mey be indicated. The available time permitted a
few tests for durations of about 500 hours on some alloys that were
evidently the best smong the many tested. In general, the longer tests
d1d not change the indications obtained fram the shorter tests, but tests
of at least 500-hour duration for more of the alloys would make more
certain the comparisons between the creep properties of the various
compositions. In thils phase of the program, 1t was necegsary aleo to
obtain tensile properties at room temperature and at 600  F in order to .
supplement the creep data.



NACA TN No. 1hlh 3
EXPERIMENTAL, WORK

. One of the first difficulties encountered in the early development
work with the 6-percent-magnesium alloys was the tendency of the alloy
to react with the moisture in the green sand molds. The seriocusasness of
this sand reaction varled from mold to mold but, in genersl, the surface
unsoundness which resulted would entlrely obvliate any useful comparison
of the properties of the sand-cast tenslle bars of verious compositions.

It was found that an additlion of 0.005 percent beryllium, when
added to the 6-percent-magnesium melt, would entlirely ellminate this
trouble from sand reaction. The amolmt of beryllium regquired 1s not
critical, but it should not be mach In excess of 0.005 percent. Other-
wlse, high beryllium content will produce a characterlstic sand reaction
with the green sand mold. These beryllium additions were made to all
the melts by the employment of an aJuminum-beryliium alloy contalning
1 to 1.25 percent beryllium. When scrap was melted, no additional
berylliium was required.

In order to avoid varlations in grain size, a grain refiner was
added to all the experimental compositlons. It was found that titanium
was very effectlve, and an addition of either 0.0l percent boron plus
0 .02 percent titanium or 0.08 percent titanium alone was used for this
purpose. Elther of these additions resulted in consistently fine grain
size, usually of the order of 0.0l to 0.02 inch.

In order to avoid varlations in the cleanliness and gas content
of the melt, all experimental melts were fluxed wilth chlorineo for about
15 minutes, while the temperature was maintained between 1325 and 1350° F.
This treatment Invarlably produced a high melt quelity, and difficulties
with pinhole porosity and varlations attributable thereto were avoided.
Furthermore, the aluminum-magnesium alloys have a tendency to contain
dross. The itreatment of the melt with chlorine facilitated removal
of dross and also effected a good separation of the dross from the top
of the melt before it was poured.

Although aluminum allcys containing 6 percent magnesium are not
normelly considered to be amenable to heat treatment, 1t was found that
some of the compositions were very markedly improved by solution heat
treatment. This was especislly true of the aluminum, 6-percent- magnesIum
elloys containing copper wilthout nickel. Furthermore, these benefits of
the sclution heat treatment were retained Iin the alloy after it was
exposed for long periods at temperatures of 650° F. This effect is in
contrest to the effect of exposure to high temperature on the room-
temperature and elevated-temperasture properties of Alcoa 142 elloy. It
was also desirable to stebilize or substantially stabilize the castings
prior to testing at 600° F. Consequently, shortly after the initisl
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phases of the investigation, all experimental compositions were solution
heat-treated for 16 hours at—810° F, quenched in cold water, and stabi-
lized or aged for 24 houra at 650° ¥ before testing them at room temper-
ature or at 600° F. Many of the alloys were also tested in the as-cast
or as-cast and aged conditlons.

Except. when complete dsta were required throughout a temperature
range, all high-temperature tenslle tests and creep tests were conducted
at 600° F.

Allcy Addltions Investigated

A total of 23 different metallic elements was added to various
aluminum, 6-percent-magnesium base alloys to determine their effect
upon the room-temperature tensile properiles, the tensile propertles at
600° F s and the creep properties at 600° F. Both tensile and creep
properties at 600° F were not obtained for some of the alloys. These
23 elements are as follows:

Antimony Magnesium
Beryllium Mangeanese
Boron Molybdenum
Cadmium Nickel

.- - . Calcium Silicon
Cexrium Silver
Chromium Titanium
Cobalt Tungsten
Copper Uranium
Iron Vanadium
Lithium Zinc

Zirconium

The range in composition of each of these elements investigated, the

various comblnations of elements employed, the optimum content of each

of the elements, and the room-temperature tensile properties of the optimum
composition of each are indicated in tables 1 to 11. Because all sand
castings tend to vary somevhat in their tenslle properties from melt to melt,
end even from test to test from the same melt;the more promising combinations
Were repeatedly prepared in order to establish firmly their effects. A

total of 524 room-temperature tensile tests were made; usually two bars o
each composition and occasionally even a larger number were tested.

Since a four-bar test casting was employed, two bars were avallable
for room-temperature tests and two for high-temperature tensile tests.
Nearly all the compositians listed in tables 1 to 11. were also subJected to
a stabillzing treatment consisting of 24 hours at 6500 F 3 after this treat—
ment tensile properties were cbtained at 600° F. On the basis of these
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tensile tests at room temperature and at 600° F, the effects of the
principal alloying elesments may be summrized as follows:

Effect of magnesium content.- Between the limits of 4 and 6 percent
mg,nesium In ths e:x.perimente.l a.lloya vory little difference waes noted
in the tensile strength at 600° F. In the heat-treated condition, the
room-temperature properties esre improved in alloys containing up to about
11 percent magnesium. In the heat-treated and stebilized condition,
however, 6 percent magresiwm is the optimum content for maximm room-
temperature tensile properties. At concentrations above 6 percent mag-
nesium, 'the tensile strength at 600° F decreased rapidly, and precipi-
tated aluminum-magnesivm compound could be noted at the grain boundaries.

Some tests were cerried out with alloys containing 4, 5, and 6 percent
magnesium; the alloys were otherwlse similar since all contained 1.5 per-
cent copper, 1 percent mangenese, with greain refiner end berylilum
additions. The effects of sta.'biliza.tion after 1, 4, and 10 days at 575° and
6500 F were determined after solution hesat trea.tment. The alloy with
4 percent megnesium showed no apprecisble change in the room-temperature
properties with increasing time at either of the stabllizatlon temperatwes.
The 5-percent-megnesium alloy showed & slight gain in ultimete strength at
room temperature after all stabillzing treatments extending beyond the
2k -hour period, but the yield strength was not affected. On the other
hand, the 6-percent-magnesium alloys showed a slight decrease in ultimate
strength and herdness after all stabilizing treatmenis which were prolonged
'beyond. the % -hour period. This adverse effect of prolonged heating at
575° or 650° F was slight 2nd it indicates that, in general, the alloys cocn—
taining up to 6 percent magnesium are structurally stable in this temper-
ature renge. This is in merked contrast to heat-treated Alcoa 1lU2 or
Y composition which undergoes structural changes with exposures to these
temperatures, with & consequent decrease in tenslile, yleld, and herdness
values.

Effect of manganese content.- Mangenese up to 1.5 percent can be
tolerated in the 6-percent-megnssium 2l1loys, and the optimum content of
approximately 1 percent ls a very desirable additlon. However, an
eluminum alloy -containing Only 6 percent magmesium and 1 percent manganese has
rather poor ductility at 600° F because of the large amount of cracking
which occurs under tension with relatively little elongation.

Effect of copper content.- Copper added to an &luminum-base alloy
containing 6 percent magnesium and 1 percent mangenese Iimproves the
ductility at both room temperature and at high temperature, particularly
since the cracking which occurs in tensile bars broken at 600° ¥ 1s sub-
stantially eliminated by the copper addition. In place of the nmumerous
smell cracks, uniform elongation and comsiderable necking down at the
fracture occur. The alloy conteining the copper 1s also subJject to marked
improvement by a solutlion heat treatment, follcwed. by an aging or stebl-
lizing treatment consisting of 24 hours a.t 650 F. As a result, the
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optimim copper addition of 1.5 percent produces a marked improvement Iin
the room-temperature tensile properties of the solution heat-treated and
stabllized alloy.

.Effect of nickel content.~ Nickel may be substituted for copper either
alone or combined with iron. About 2 percemt nickel with 1 percent irom,

or 1 percentnickel with normal iron content as an impurity, aeppears to be
the optimum composition for the aluminum-magnesium-nickel alloys. The
room-temperature temsile properties of these alloys are not lmproved by
heat treatmemnt, snd are moderately low. The aluminum, 6-percent-magnesium,
l-percent-manganese, 2-percent-nickel, l-percent-iron alloy, however, heas
good temsile propertles at BKOOC F.

- Copper and nickel together in
most proportions appear inferior to elther elone. The best proporticns of
copper and nickel were found to be 1.5 percent nickel and 0.5 percent
copper, corresponding to Alcoa 254, or the reverse of these proportions.
Both of these alloys, containing elther 1.5 percent nickel and 0.5 percemt
copper, or O.5 percent nickel and 1.5 percent copper, can be lmproved
somevhat by a solution heat treatment, but to a much lesser extemt than
the experimental alloy with 1.5 percent copper without nickel.

Effect of titapinum contenta.- Titanium is a very potent grain refiner
for the alloys of the type being investigated. Approximately 0.02 percent

titanium is sufficlent to obtain consistent grain refinement but the
effectiveness increases wlth increasing titanium content-up to about

0.15 percent. About 0.2 percent titanium appeared toc be mildly beneficial
to the room-temperature properties but amounts up to O 4 percent titanium
apparently have no additional beneficial effect on the temslile stremgth
at room temperasture or at 600° F.

Effect of boran content.- Boron in conjunction with titanium is quite
useful as a grain-refining constituent. Goocd grain refinement, however,
can be obtained in the aluminum, 6-percent-magnesium alloys with titanium
alone. Furthermore, probably no beneflicial effects on conductivity would
be obtained by using a low-boron, low-titenium combination in place of
0 .10 percent titanium.

t .2~ As pointed oul earlier in thle report,
beryllium 1is an essential component of theme alloys when they are to be
cast in ordinary foundry green sand. The use of 0.005 percent beryllium
apperently elimlnates sand reaction entirely, thereby considerably
improving the foundry characteristics of thils type of alloy.

Optimum Compositions
On the basis of the temslle properties of the various compositions

at room temperature and at 600° F, the following five alloys were selected
a8 being worthy of consideration for further development:
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Mg Mn Cu Ni T Bo To
Alloy Jg:mr- (per- | (ver- | (per- | (per- | (per--'| (per-
1 6 1 1.5 0.08 0 005 ———
2 6 1 -—- 1 08 005 ---
3 6 1 —— 2 08 005 1.0
L 6 1 1.5 5 08 005 ——
5 6 1 S | 15 08 005 -

Most of these alloys were prepared from 99 .7 percent aluminim. The first
of these was considered to have the greatest possibilities. After =a
solution heat treatment and a stebillization treatment consisting of

24 hours at 650° F, this alloy would consistently show the following
mechanical properties:

Room
Property Jtemperature a0° 7
Tensile strength, psi 35,000 13,000
Yield strength, psi 24,500 10,000
Elongation, percent in 2 in. 285 20
Brinell hardness number 80 ——————

After complete stabilization or, at least, after 480 hours at 650° F
Prior to testing at 600° ¥, the temnsile strength and yleld values obtainel
at 600° F would not drop more than 1000 pounds per sguare inch from the
above values. As indlicated later, substantial improvements have been made
in this composition by sultable additions.

Alloy 2 d1d not respond to solution heat treatment and, as a result,
the room-temperature tensile properties were substantlally lower and the
tensile properties at 600° I wers slightly superior to those cbtained on
alloy 1.

Alloy 3 had relatively poor yield strength at room temperature but »
nevertheless, had slightly the highest yileld strength at 600° F of any of
the other alloys. This composition did not respond to solution heat
treatment and, as a result » the room-temperature tensile properties were
relatively low.

The composition of alloy & is similar to Alcoa 25h composition,
except that a grein refiner has been added and beryllium has been added
to eliminate sand reaction, thereby improving the foundry characteristics
when green sand molds are used. In general, then, the first of the five
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alloys listed has the best roam—temperature properties and the best
properties at all temperatures up to and including 500° F. The other
four alloys have similar properties at all temperatures and all five alloys
have similar tensile properties at 600° F. Alloy 3, however, has slightly
the lowest room-temperature properties and slightly the highest tensile
properties at 600° F.

Because of the higher temsile propertles obtalned by alloy 1 at
room temperature, the main emphasis on further development was placed on
this composition. Some emphasls was also placed on slloy 2.

Improvement In Reslstance to Creep at Elevated Temperatures

The exlsting data and the data obtained in the short-time creep tests
performed on this project definitely indicate that the aluminum,
6-percent-magnesium alloys of the Alcoa 25k type have poor resistance to
creep at 600° F. Of the five compositions listed which appeared to have
some promise, alloys 1l and 2 were subjected to further development in
order to improve their temslile properties at room temperature and at
600° F, as well as to improve considerably their resistance to creep at
600° F. Accordingly, the third phase of the experimental program, described
previously, was Initiated and the effects of many minor elements and combi -
nations of minor elements were investigated in an effort to lmprove the
creep properties.

The short-time creep tests, previously desoribed, were made cn
experimental alloy compositions, and on Alcoa 1k2 and Alcoa 254, for pur-
poses of comparison. These short-time tests were carried out at 600° F,
using a load of 1300 pounds per square inch for periods generally up to
100 to 150 hours, though some tests were contimued for longer perlcds. The
bulk of this work was done by using as base materiels aelloy 1l containing
6 percemt magnesium, 1 percent manganese, 1.5 percent copper, with added
grain refiner and beryllium,and alloy 2 containing 6 percent magnesium,

1 percent nickel, and 1 percent mangenese. It was, of course, necessary
also to obtain tensile properties at room temperature and at 600° F. The
entire series of experimental compositions prepared for creep testing is
included in table 12. This table shows the heat number, the intemnded
composition of the alloy, the tenslle propertlies at room temperature, the
maximum grein size, the tensile properties at 600° F, end some data on
the creep properties at 600° F employing a load of 1300 pounds per sguare
inch. A number of elements were found to have beneficial effects on the
creep properties of the two base composltions.

Typicel time-deformation curves for the creep testa run at 600° F
and 1300 pounds per square inch are shown in figure 1. The relative
merits of Alcoa 142, Alcoa 254, and an experimental alloy are graphically
showmn. This figure also shows the bemeficlal effects on the rate of
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deformation obtained by the use of various amounts of zirconium in a

base alloy containing 6 percent magnesium, 1.5 percent copper, 1 percent
menganese, with the usual emounts of graln refiner and beryllium.

Figure 2 isg a grephical representation of the more important creep data
listed in teble 12. This figure shows the minimm creep rate and the
totel deformation at 100 hours obtalned on alloys of various compositicns.

Zirconium in amounts from 0.05 to 0.25 percent increases the
resistance of the base alloy to creep and tends to increase the room-
‘temperature strength unless the grain gize also increases. If a grain-
size increase occurz with the addition of 0.02 percent titanium, grain
refinement may often be restored by increasing the titanium content to
0.08 percent. Titanium, in conjunction with zirconlum, appears to have
a slight tendency to decrease the resistance to creep at 600° F. Vanadimm
addltions of O.1 percent in comblination with 0.25 percent zlrconium pro-
duce excellent room-temperature properties, good high-temperature
properties, and excellent resistence to creep. Vanadium in greater amocunts
appeared to have a favoreble effect on the high-temperature tensile
strength but somewhat decreased the room-temperature temsile strength.

It 1s emphasized that limited time has not permltted 80 complete an
evaluation of the creep properties of these alloys as may be desirsble.
Since the creep tests on the experimental alloys were run at one stress
and one temperature only, additlional tests of at least 500 hours on the
better alloys should be run over a range of stresses at 600° F and possibly
also at several other temperatures of interest.

Tensile Properties of Stabllized British
and Other Alloys

During the course of the high-temperature temslle testing, specimens
of alloys for elevated-temperature service developed by the Royal Alrcraft
Establlshment were received for testing. Two alloys were recelved, each
in the wrought and chill-cast condition. Specimens of these four alloys,
in addition to Alcoa 142, Alcoa 25k, and an experimental alloy containing
6 percent magnesium, l.5 percent copper, and 1 percent mangsnese, with grain
refiners and beryllium, were stabillized as follows:

For test at Stabllizing treatment
Room tempersture ' None )
Loo® : L80 hr at 5T5° F
500° F 480 hr at 575° F
600° F 480 nr at 650° F
700° ® 96 nr at 700° F
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Previous to these stabilization treatments, other specimens of the
alloys were prepared as follows and tested in the indicated condition at
room temperature:

Alloy Condition
RAE alloys As received
Alcoa 142 Heat-treated and aged
Alcoa 254 Aged 8 hr at 2O0O° F
Experimental alloy Heat-treated and stebilized
2h hr at 650° F

The compositions of the various alloys are listed In teble 13.
The results obtained on these compositions are listed in table 1k and are

grephically represented by figures 3, 4, and 5.

It should be noted that the experimental cast alloy compared favor-
ably with the other two sand-cest compositions, Alcoa 142 and 25k, and
even with the chlll-cast British alloys. This experimemtal alloy, however,
is not the optimum composition which was later developed, since the experi -
mental composition did not contain zlirconium or vanadium. If the experi-
mental elloy had contalned 0.1 percent vanadium and 0.25 percent zirconium,
both the temsile properties at room temperature and at 600° F would be
slightly superior to Ehose shown in figures 3, 4, and 5.

SUMMARY OF RESULTS

On the basis of the experimental work conducted on an aluminum-base
sand~cast alloy for elevated-temperature service, the following composition
appears to be optimmm:

Addition
Element (percent)
Magnesium _ 6
Mangenese 1
Copper 15
Vanadium 1
Zirconium a5
Titanium .08
Beryllium 005
Aluminum (99.5 percent) Balance

The following teble shows the approximate comparative properties of
this experimental alloy with Alcoa 142 (heat=treated and aged) and Alcoa 25k
alloys which have been stabilized at 650° F for 20 days.
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Alloy
Experimental

Property Alcoa 142-BTA® Alcoa 254-T2%| alloy-Ers®

Tensile strength at room 26,000 26,000 b35,000
temperature, psi

Yleld strength at room 15,600 25,000 b25,000
temperature, psi .

Elongation at roomtemper- 2.0 240 13‘3 «0
ature, percent in 2 in.

Brinell hardness number 62 8y bgg
at room temperasture .

Tensile strength at 8500 12,750 b1z, 750
600~ F, psi

Y1eld strength at 600° F, 5800 10,000 b10,000
0.2 percent offset, psi

Flongation at 600° F, 16 20 bLo
percent in 2 in.

Minimum creep rate at 0.00014 0.00075 0.00005
600° F, 150-hr testC

Total deformation at end d‘O 045 d0.123 d‘0.0h-S
of 100 hr, percent

Estimated thermal conduc- 0.33 0.22 0.22
tivity, C.G.S. wmits®

Reslstance to corrosion® Fair Good Good

General foundry Good Difficult Fair

8s5tebilized at 650° F, for 20 days prior to test at room temperature

or at 600° F.

‘PEgtimated properties after stabilizing 20 days at 650° ¥ on the

basis of properties after 2i hr at 650° F.

®stabilized only 24 hr at 620° F prior to test and load of
at 600 F in short-time creep test.

d‘Includes elastic deformation.

®Estimated, not measured on this proJect.

1300 psi employed

-

Battelle Memorial Institute

Columbus, Ohio, Mey 1,

19ké
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TABLE 1.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE,

AND ROOM-TEMPERATURE PROPERTIES OBTATNED ON BASE ALIOY OF
ATUMINUM CONTAINING 6 PERCENT MAGNRESIUM

Optimum property
Addition
(percent) Tensile
strength {(Elongation
Added elementt | Maximum| Minimum| Optimum (pai) (percent)
None, ac 30,100 6.0
Cerium, ac 5.0 o] 0 |  me———- ——
Manganese, HTS| 1.5 .05 1.0 33,800 34
Cobalt, ac T5 0 25 32,800 8.8
Copper, ac 13.0 o] 12.0 37,000 6
Copper, HTS 13.0 0 6.0 36,500 1.0
Antimony, ac 2.0 o 5 33,000 8.8
Nickel, ac 2.5 (o] O |  eme——- -—-
Zinc, ac 540 O 0 | em————- ———

lac, as cast; HPS, solution heat-treated end stabilized.

TABLE 2.~ RANGE IN MAGNESTUM CONTENT INVESTIGATED, OPTIMUM VALUE,
AND ROOM-~TEMPERATURE PROFPERTIES OBTAINED ON ALUMINUM-BASE
ALLOY CONTAINING 1 PERCENT. MANGANESE

Optimum property

Addition
(percent) Tensile

strength | Elongatlon
Added element |Maximum | Minimum | Optimum| (psi) (percent)

Magnesium, ETSY| 10.0 2.0 6.0 32,800 2.8
laPter solution heat treatment and 6 hours® stabilization at 6500 F.

S NACA
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TABLE 3 .- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VAIUE, AND
ROOCM-TEMPERATURE TENSILE PROPERTIES COBTAINED ON ALUMINUM-BASE,

6 -PERCENT-MAGNESIUM, 1-FERCERT-MANGANESE ATLOY

* Optimum property
. Addition
{ percent) Tensile
. 1 strength Elongation
Added element | Maximmm | Minimm | Optimm| (pseil) (percent)
‘Pitanium, ac 0 .20 0 0.20 34,700 5.0
Copper, ac 3.0 (8] O | ==———- -
Copper, acS 3.0 o 2.5 31,650 -—
Copper, HTS® 5.0 o 1.5 37,000 2.8
Copper, ETA 3.0 0 1.5 38,700 2.0
Nickel, ac 3.0 o} o] 30,900 k.0
Silver, HTS L .0 & 5 28,100 2.0

lac, as cast; acS, as cast and stabllized 24 hr at 650° F;
HTS, solution heat-treated and stebilized 24 hr at 650° F;
HTA, solution heat-treated and aged.

Z2pverage of 16 tensile bars from eight heats.
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TABLE 4 .- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM-
TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM, 6-PERCENT-
MAGNESIUM ALLOY CONTAINING IRON, NICKEL, AND MANGANESE

Optimum property

Addition
(percent) TPensile
strength |Elongatlon

1
Added element Maxl.mm' Minimum I Ooptimum| (psi) (percent)
Base alloy: 6 percent Mg, 2 percent Ni, plus grein refiners

None, ac 27,900 2.0

Iron, ac 1.0 o 1.0 29,750 1.5

.

Base alloy: 6 percent Mg, 1 percent Fe, plus grain refiners

Nickel, ac 2.0 0.5 1.5 30,800 2.5

Base alloy: 6 percent Mg, 1.5 percent Ni, 1 percent Fe,
Plus grain refiners

Manganese, ac OeT5 o 0.25 32,900 2.0

Base alloy: 6 percent Mg, 2 percent Ni, 1 percent Fe,
1l percent Mn, plus grain refiners

None, HTS 29,900 1.k

Zirconium, HTS| 0.1 0.d 26,900 1.7

lac, as cast 3 HTS, solution heat-treated and stabilized 2k hr

at 6500 F.



NACA TN No. 1h4k

TABLE 5.- RANGE IN IRON AND NICKEL CONTENT INVESTIGATED, OPTIMIOM

BASE ALTOY CONTAINING 5 PERCENT MAGNESIUM

VALUE, AND ROOM~TEMPERATURE TENSILE PROPERTIES OF ALUMINUM-

Added elemen'bl

Addition
(percent)

Optimum property

Maximum

Minimmm

Optimum

Tensile
strength
(psi)

Elongation
(percent)

Basgse 2lloy:s

5.0 percent Mg, 0.l percent S1, 0.03 percent Ti,

0.0l percent B, 0.05 percent Mn, 0.005 percent Be,

0.005 percent Be, balance Al

balance Al
Iron, ac ho]—l 0032 1.0 32,375 8-2
Base alloy: 5.0 percent Mg, 2.5 percent Fe, 0.1 percent s1,

0.03 percent T1, 0.01 percent B, 0.05 percent Mn,

Nickel, ac

k.0

0]

2.0
0

28,400
28,000

1.75
35

l&c, as caste.

15
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TABLE 6 .- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM-
TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM-BASE ALIOY
CONTAINING 6 PERCENT MAGNESIUM, 1 PERCENT NICKEL,

1 PERCENT MANGANESE, PLUS GRATN REFINERS

Optimm property
Addition
(percent) Tenslle
1 strength Xlongation

Added element™ | Maximum | Minimum | Optimm | (psi) (percent)
None, HTS ' ' 32,100 2.7
Copper, HTS 2.0 o] 1.5 31,100 1.3
Iron, HTS 1.0 1.0 28,100 1.9
Cobalt, HTS .75 o { ,?g gg’_ :?{gg 2 :g
Zirconium, ETS| 5 | O { 2 gi:ggg 18
Cerium, HTS 1.0 0 None | -=-=--- -—-
Antimony, HTS | 1.0 o o | =----- -—-
Chromium, HTS 5 ’ 25 None smeme- ---
Tungsten, HTS 1.0 Ja2 JA2 29,400 2.0
Molybdenum 1.0 A2 22 | 30,850 1.4

1HTS, solution heat-treated and stabilized 2L hr at 650° F.
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TABLE T7.- EFFECT OF MINOR ADIITIONS OF TWO OR MORE ELEMENTS TO ALUMINUM-

BASE ALLOY CONTAINING 6 PERCENT MAGNESIUM, 1 PERCENT NICKEL,

1 PERCENT MANGANESE, PLUS GRAIN REFINERS

Addlition
(percent)

Optimum property

Added elementsl

Maxximum

Minimen

Optimum

Tensile
strength
(psi)

Elongation
(percent)

Base alloy:

6 percent Mg, 1 percent Ni, 1 percent Mn,

0.25 percent Zr, plus grain refiners
Vanadium, HTS 0. 0.4 0.1 27,700 1.7
Base alloy: 6 percent Mg, 1 percent Ni, 1 percent Mn,

0.5 percent Sb, plus grain refiners
Zirconium, HTS | 0.1 0.l 30,150 1.5
Tungsten, HTS ol Ad 30,525 1.8
Molybdenum, HTS| .1 1 28,450 2.0
Calcium, HTS 1 .1 26,470 1.7

Base alloy:

6 percent Mg, 1 percent Ni, 1 percent Mn,

0.1 percent Zr, plus grain refiners

Calcium, HTS

0.1

0.1

26,470

18TS, solution heat-treated and stabilized 24 hr at 6500 F.

W
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TABLE 8.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM-
TEMPERATURE TENSIL.E PROPERTIES OBTAINED ON ALUMINUM-BASE ALILOY CONTAINING
6 PERCENT MAGNESIUM, 1.5 PERCENT COPFER, 1.5 PERCENT NICKEL,
1 PERCENT MANGANESE, PLUS GRAIN REFINERS

Optimum propgrty
Addition
(percent) Tensile
1 strength | Elongation

Added element™| Maximum | Minimwm | Optimum| (psi) (percent)
None, ac 29,000 1.6
None, acA 28,000 1.8
None, acS 29,370 14
None, HT 30,550 1.2
None, HTA 32,600 1.3
None, HTS 30,400 1.7
Chromium, HTS 0.5 0.25 " None |  ==ew-- —
Cobealt; HTS 1.0 0 5 35,300 -~
Antimony, HTS 5 ) .25 29,850 1.2
Titenium, HTS R 1 .20 29,900 ———

lac, as cast; acA, as cast and aged 8 hr at LOO° F; acS, as cast
and stabilized 24 hr at 650° Fj HT, solution heat-treated;
HTA, solution heat-treated and aged; HTS, solution heat-treated

and stubilized 24 hr at 650° F.
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TABLE .- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM-

TEMPERATURE TENSTLE PROPERTIES OBTATNED ON ATUMINUM-BASE ALIOY

CONTAINING 6 FERCENT MAGNESIUM, 1.5 PERCENT COPPER,

0.5 PERCENT NICKEL, PLUS GRAIN REFINERS

Optimm property

Addition
(percent) Tensile
1 atrength | Elongation
Added element | Maximun| Minimum | Optimm| (psi) (percent)
Silver, HTS 2.0 0.25 0.25 30,600 1.3
Zinc, HTS 1.0 0 5 32,700 2.0
Silicon, HTS 1.0 o) 25 31,650 1.0
Cobalt, HTS 5 .5 29,150 1.5
A.n'bimony, HTS N3 5 31,&0 2.0
Cerium &5 ) 23,900 5
Base alloy: 4 percent Mg, 1.5 percent Cu, 0.5 percent Ki,
plus grain refiners
Zinc, HTS 2.0 o 2.0 27,250 1.5

1ETS, a solution heat treatment and stabilization for 24 hr

at 650° F.
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TABLE 10.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND
ROOM-TEMPERATURE: TENSTLE PROPERTIES OBTAINED ON ALUMINUM-BASE
ATIOY CONTAINING 6 PERCENT MAGNESIUM, 1.5 PERCENT COPPER,

1 PERCENT MANGANESE

Optimum property
Addition
{ percent) Tensile
1 strength | Elongation

Added element™ | Maximum | Minimum | Optimm | (psi) (percent)
Nickel, HTS 2.5 o 05 35,000 3.0
Nickel, ac 2.0 0 ¢ | =———-- ————
Chromium, HTS 5 25 None | ====-- -—
Chromium, ac ..5 25, None | ~===w=-= —-—
Cobalt, HTS 1.0 o) o | e-ee-- —
Cobalt, ac 1.0 0 0 | eeme——- —_—
Cerium, ETS 3.0 0 0 | mem-e- —
Antimony, HTS 5 o} O | eeem——- ————
Molybdenum, HT§ .5 .25 ' 25 33,100 2.1
Zirconium, HTS .2 d 1 39,200 2.4
Calcium, HTS 5 .003 06 38,800 2.9
Cedmium, HTS 2.0 1 None | ====== ——
Zirconium, HTS 5 o] d 39,850 3> oA
Lithium, HTS 1.0 o] o | mem--- ———

lac, as cast; EFS, solution heat-treated and stabilized 24 hr
at 650° F.
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TABLE 11.- EFFECTS OF MINOR ADIITIONS OF TWO OR MORE ELEMENTS TO
ATUMINUM-BASE ATIOY CONTAINING 6 PERCENT MAGNESIUM,
1.5 PERCENT COPPER, 1 PERCENT MANGANESE,
PLUS GRAIN REFINERS

Optimm property

Addition
(percent) Tensile

1 strength | Elongation
Added element™ [Maximm | Minimum | Optimm| (psi) (percent)

Base =2lloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn,
0 .25 percent Zr, plus grain reflners

Vanadium, HTS Ot 0.l 0.l 39,850 3.5
Chromium, HTS ol <l 33,700 2.0 .
Base alloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn,
0.1 percent Zr, plus grain refiners
Antimony, HTS 0.5 0.5 30,450 2.0
Tungsten, HTS R 1 40,100 3.7
Molybdenum, HTS B A 1 33,350 2.3
Celcium, HTS 1 i 38,500 "3
Titanium, HTS 15 .02 02 38,550 k.0
Vanadium
Calcium
cobelt 05 05 . 33,050 2.5
Cerium
Base alloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn,
+«05 perxcent Ca, plus grain refiners
Lithium 0.05 0 .05 22,600 2.7

lgTs, solution heat treatment, followed by stabilization for 2% hr

at 650° F.
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TABIE 13.- COMPCSITION OF STABILIZED ALLOYS

[fensile mroperties of these slloys given in table 1§

Elemant -
(Percent by weight)
Alloy
Cu TR IEERE si | P | M
RAE %0C 2,30 5.02 | 0.68]0.51 [0.07 0.18 | 0.32 | Ba.
BAE 55 1.75 2.5 T3] S0 .05 .13 «20 | Bal,
Alcoa 1ho? .00 2.00 | 1.50 .10 J0 | b1 Bal.
Alcos 254* .50 1.50 | 5.9 02 005 | .09 | .16| Bal.
Exporimental®| 1.50 6.00 .02 005 | .09] .14| Bal.
(Heat T8)
Co_
QM 62 Bal. | 2=
Scalculated or noninel compositions.
A
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YT *ON NL VOVH

-




NACA TN No. 1hlih 25

TARLE 1k.~ TENSILE PROFTRTIES OF BAX hOC, RAX 55, ALCOA 1k2,
ALCCA 254, AND AN IIPERIMENTAL ALLOY AT BOOM TEMFERATURE,
koo®, 500%, 600°, AXD AT 700° ¥

Yield strength
I'I’-nliln Propot=— Beduo—
Alloy aod bar Test Condition priae strength | ticoel {zs1) iy tion | Nolulns <f
- _('6;) to test (.ri) limit [0.1-percent |0.2—ypercent G % fn 2 in.)|, o€ axen T »
. a) | (pe1) offast oftset | PN . ()c:{:-’nt)
RAT k0o-3 Bomm Wreught as received M, 620 | 17000 | 26,500 200 . . cevee |12.2
RAT koC-3 ~do- g n———— 3,00 1.Br',boo gg.':a 233:609 g-g ——— g-ﬂ x 108
svo k5231 17,900 | 27,925 31,400 9.k
BAE %00 k-1 do- Chill oast as reaeived %0,200 | 20,500 33,000 36,400 0.7 ———- [ 10.5
RAR KOG k-3 do- | —eieeeangomameamones | 38,800 20,730 | 33,600 | 3S.200 0.9 — |35
av.39,500 | 20,605 33,300 36,300 0.8
MAE 55-3 -do- Wrought es received 48,500 | 27,800 31,9%0 ———— T.3 aeeee 110.6
BAT 35-3 doe | e doememeeoan 38,450 | 235h00 | 35,230 | 38,600 83 —eee {1200
av.k8,425 [ 25,600 | 33,h00 7.9
RAR 355-6-2° -do- Chill cast =s received | 31, 13,650 | 23,050 26,65 1.0 —— 1k
RAE 33-6-2° G | ZmmmETeTm | Bk |ien | 5% | e 12 — |1
av.28,050 | 13,085 22,800 2T, T2 1.1
Alooe 1h2 (76~ -0~ Bend cast — mEAl 39,%00 | 26,700 | 38,900 1.0 ———- |11
prrveg ot -2l e g mm——— 45,550 | 27,200 | 39,600 233 i u— g
&v. k2,520 | 26,950 38,2% a7 1.1
Alcoa 2%k (Th-2 ~do= gand cast — acA® ah, 750 | 15,950 22,200 5,750 0.7 == |10.6
Alooa 25 (Th-% 4o [ 7 S a(,goo 16:200 22:9«:0 25:200 0.9 ———— 10,1
av.25,620 | 16,075 | 2m,3%0 %, 975 0.8
Expexr. (18-2 ~do- Send cast — Evsl 36,500 12.500 22,000 g.oso 2.7 ——— | 9.7
Exper, (78-4 4o et oY 3k,190 | 16,000 | 21,800 £050 2.3 —— |21.2
ar.35,325 [ 14,730 | 2,500 2%,500 2.8
BAE 30C k-3 k0o Chil) cast — 5208 ak 550 8,120 9,510 1.8 0.3 9.3
BAE koC k-3 %00 P Pl v | s 10,550 s 1.0 |16
«r.13,825 | 3,785 8,390 10,030 1.6 K] 3
BAE %0C-2 00 Wrought — 5208 17,500 8.0 29 -
RAE kOC-3 200 P P S 1;:300 5,010 8,520 9,760 .0 33 10.0
&r,17,900 29.3 31
BAR 55-5-2 %00 Chill cast — 8205 17,300 f 7,630 | 11,870 13,1%¢ 1.7 i.0 | 9.7
MAX 55-5-3 100 RO T e3,200 | 7,000 | 11,900 13,100 5.1 5.5 7.6
ar.20,2% | 7,315 } 1,883 13,125 3.k 2.7
T 352 400 - 8208 18,200 | 5,2% 8,730 10,100 26,0 E l10.5
BAE 53-3 k00 ~emmendomenm—n 18,800 | k,260 8,120 9,370 kg.0 L3 10.5
av.18,k50 | ¥, 755 8,k35 9,735 3r.5 ik
Aloce 25% i-nu-:.) ko0 Sand cast -~ =oASeol 22,050 1.1 1.¢ f==—-
Alcos 258 (Th-2) | k0O D —— | — 25,5000 12,220 18,800 20,550 1.0 1.2 10.0
av.23,725 105 1.1
i
SRocm-temperature tests pulled at 0.02 in./in. gage lengih/min until extenacmeter W
remcred, then somewhat famter to rupture. All octher bars were pulled at

was
0.01 i.n./:.n. gage le: 'min until 0.2-peroent offset was reached, then rate was
increased to 0.03 in./in. gage length/min to rupture.
mmﬂflﬂlmhltl at room temperature is too mmall to measwre acourately.
OSpracture showved inclusion in ber. Speoimen very unsound.
Upaat—trented 6 k- at 950° ¥, quenched In bolling water, aged 8 Lr at X00° F.
Sxx cast and sged 8 hr at X00° F.
Taeat-treated 16 hr at 810° F, quenched in cold water, stedilized 2% hr at 650° F.
Sax received, stadilized X80 hr at 575° F,

probably in erroc.
1pa cast and eged 8 I at h0O° ¥, stabilized %80 hr at 5T3° F.
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TABLE 1k.— TENSILE PROFERTIES GF RAE X0C, RAE 53, ALCOA 142,
ALCOA 254, AXD AN IXPIRTMEXTAL ALLOY AT ROGM TEKPERATUKE,
00°, 500°, 600°; AND AT T0O® F - Cintinued

Yield strength Reduo—
Test ' Tenaile| Propar (pe1) R 2 Mok,
Cooditicn pricr strongth|ticnal o . of
Alloy and bor | temperature to test st) |limit : griion of aren | o agticity
(°r) 2) | (pet) °'13;:‘.’:"b o'm‘* (parcent in 2 in.) ()u(-gsnt £ ’
Alooa 1k2 (16-.1} %00 | Send cast — Wraseod 19,%: 4,560 | 9,90 11,050 6.0 6.6 [M7.0x 106
Loos 142 (76-2 300 [ PN a, 5,000 | 9,660 10,800 5.0 3.1 7.6
av, 20,3350 k, 790 9,780 10,923 3.3 5.85
Exper. (73-1; %00 | Samd cast — mrE20® 27,606 {34,500 | 20,700 23,050 6.8 6.6 9.
Exper. (78-2 ko0 srecmmmedgemmmaeee |, 27,300 {12,7% [ 18,%0 20,100 3.2 5.5 9.
av. 27,5%  |13,65 | 19,600 21,575 2.0 6.05
RAX 4OO-M—4 500 Ch11l cait — 820% 11,000 3,750 [ 6,230 74000 3.5 2.5 5.g
RAT 30C-h-3 500 B —— 11,100 3,830 6,890 T,650 3.0 3.0 7. .
av. 11,05 3,790 6,570 T»322 3.25 2.7
RAE 00-2 500 Weought — 820% 10 000 | T,3%0 8 k6.0 53.0 9.0
AT A00-3 500 | cceecedOnee—ee 1088 zja-n T,160 5% 67.0 20 |93
av. 10,880 k,935 T:255 To9%3 - 56.5 5h.5
- 200 Cnill east — s20° 1k,520 T.h00 | 10,650 11,320 5.0 T.1 8.1
BAE 33-35-3 500 P 7 S 13,520 T,270 | 10,300 11,050 6.0 bk 12.2
&v. 1,080 7,335 | 10,AT3 11,185 5.5 5.75
RAX 33-3 500 Wrought - 820% 12,3%0 5,300 | 8,050 8,500 6.0 78 8.85
ME 3352 500 el e 15,300 8,100 | 8,930 10,700 5.0 ko 11.53
av. 13,825 5,200 8,k90 9,800 5.0 9
Aloos. 234 (w-i) 500 Sand cest — sars20l 22,300 g.l&o ————— ———— 2.0 175 [ 10
Aloos 25% (Th-k) 500 . 20,300 ,520 | 16,330 18,050 1.5 2.23 7.9
ar. 21,300 8,990 1.7 2.0
Alcoas 1hke (1&3} 500 Band cast ~ EPAS20Y 13,800 6,800 9,125 g.”o 7.0 x g.:
Klooa 1h2 (T6-h 200 mmemene el Ounan c——— *, 7,650 L RTO 3.0 23 -2
av. 13,800 7,780 | 8,385 9,110 15.0 ®@.5
Exper. (78-3) 500 | sant cast - mre 205 | 22,350 |12,000 000 10.5 o M7
Exper, {78-2) 300 | cecemcealOmcacaenn- 21,300 11,500 | 16,500 ig:am 18.0 g i
ay. 21,900 [11,750 | 17,250 18,600 k.25 15.5
RAT 400~ 600 Wrought — 820" 930 8o | 3 2,770 53.0 .9 10.3
BT k003 600 | memmweOmamaen &% | s 23 8,920 M3 ﬁ.o 6.3
ar. 8,133 3,93 | 5,870 6,345 57,15 8.9
RAT hOC-k L &0 ChIll cast — s2o™ 8,110 3,530 | 5,970 6,070 5.0 . a 1.8
RAE KOC-b -1 600 wmmmeemedoummmna 6,900 {83,610 |05,180 R 5,680 3.9 3.8 |b7.3
ev. T,303 3,570 5,380 2,875 5.k &.oT
RAX 5%-3 600 Wrought — gag™ 6710 800 { 3,470 5,800 83.0 8.0 6.8%
RAE 533 600 | comelommmen Sane | o | Zoks &, 460 53.0 85.8 7.8
av. 7,900 3,905 | 5,795 6,130 69.0 87.%
RAX 5541 600 Chill camt — 520% 10,200 5,200 | 7,600 8,100 25.0 :3.0 8.1
BAT 5543 600 ey S 9,350 k,000 | 7,350 7,8% 12,3 X 6.9
. l"o 9,879 %,600 T2485 Ts9T5 8.1 35.2
Wmun-w& to.oeh.u.whmhlmmum tex -
vas naw:d then scmewhat f:.tn' to rq{tm. other bars were pum W
0.01 1n. /u. aage until o.w ottm wes nuhod. then rate wvas
m te 0. 03 :.u. in, gage length/min to rupture.

cutmd.?l.ah-ntboo“r, stabilized 480 nr at 375% F.
Dli-ﬁnntd. hr at 960° ]‘. qmnam in bodling water, aged 8 hr at k00° ¥,
stabilized 380 kr st 573°
‘me-gunumnnmmr, quenched in oold water, aged 24 I at 650° F,
stabilized 480 hr at ¥
As recoived, stobilired hr at T.
rce-!.nﬂ.. stabilized 480 hr at .
listed are guestionable because of peculiarities of stress—strain curve.
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mu.-mmami&,mﬁ.mm,

ALCOA 25k, mnmnmmmumm,

%00°%, 500°%, €00°%, AMD AT 700° F — Comoludes

Yield streagth Redno
Test Tensils | Propor—
Allay ant ber _-- cu.::z: :ic- ,u(..,‘;. u-:::. (pat) na: tion u-tuh::;é’
’ Limit g 1-peircent] 0.2-percent el o
e ?:% (on1) faet oitaet  |(FOXTOTE in 2 In.) ()-?-?:j x
B
Alocs. 12 (3Y-1)° 600 Band csat — ETAS20P 8,600 3360 5.22 5660 12.0 13.7 k.9 x 106
Alocs 142 (37-3) 600 7 9,310 3000 5y 508 20.5 20,4 6.0
av. 8,953 380 2AT 5790 16.2 17.0
Aloom 25% (7351 600 Sand oast — acAS2OY | 12,830 6810 10,230 ——— 20.0 390 8.0
prrsmg o L 600 |eememmmdomee—— | 12,720 &0 ;430 9650 15.0 182 | 77
av. 12,115 €815 9,8%0 19.5 3.1
Expar. (TT-1 600 Sand cast — HPS20™ 12,200 6960 80 8.6 2%.4 6.
Exper. (77-3 600  |cemeeeetoeaeoee | 11,800 =700 5720 &R 26.% o | €8s
av. 12,000 6330 9,100 5280 27.5 29.2
RAT koC-2 700 Wrought — A* k,8%0 2710 3,h60 3660 xS.0 69,1 3.8
RAT hoOC-2 700 [T 7 S— 5110 2275 3.525 oo 8.0 63.1 3.8
- ar. k975 2hkso 3,50 T30 67.0 €7.1
BAE hoc-k-2 700 Chill cast — g% 5 2150 &350 k.0 k.0 5.6
BAE KoC-k—6 0 | c—emee—dommnnem 28 | =% | 2B | 8% 25.0 13.7 | 5.2
ar. 6,070 £370 k,300 k6ho 19.5 23.8
BAE 53~2 T00 Wrought - Sk¥ 5,100 — —— — 6.0 6.7
RAR 33-2 Too e ST, 6,200 3310 &, 750 000 .0 52.9 5.9
=r. 5,630 53.5 .8
MAE S5k CRill cast - gk g,:e’o 1% 1.) 6,090 6460 23.5 8.8 5.6
ME 555 [r——h—-p ,050 parr] 6,550 TOS 27.0 2.k 3.13
av. T,655 5323 6,325 670 5.2 0.1
Alcos 12 (76-1 Band csat — HTASKE 5,325 1639 3,120 370 k9.5 57.6 3.9
Aloos 1k2 i'rs-a — — 5,900 2700 3,900 i 53.0 &2 | 50
av. 5,610 65 3,510 3T 5.2 61.3
Aloos 25% (Th-2 00 Band cast — acAsk™ 8,040 5,750 6050 .0 7.8 5.6
prrogcod Lot I oo Sttt 7,650 2o00 5,720 5970 b 3 2 | 56
av. T,885 3950 5,735 6010 3.5 k.0
Exper. {78-1) 700 Sead cast — HTSKT 650 3765 5,650 ST50 83.0 ol 7.3
Exper. i-rs-a) TOO | oce——ecdOmmmmmeee -er:keo -l 2 iy .0 2?.3 ———
avr. 8,035 63.0 5.2
‘w&.ﬂr‘ terts pulled at 0.02 I.B./In. ange hu‘hh/ni.n until axtanscmeter : E
RT3 » thex somsvhat faster to rupture. All cther dars were puiled at

s in foctnote 1 But stabdilized 480 kr st %:r.-
TAs im footnote X but stabilized k80 kr at r.
Sis recaived, stabilired 96 I at 700° ¥.

As iz footnote J but stabilized F00° T.

96 I xt
im footnote i but stadilized 96 hr at 7007 F.
im footnote k but stedilized 96 kr at 700

=1=llf
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ALLOY EEAY WONBER COMDITION COMPOGLTION (RERCENT)

M E RN EY
ALCOA 254 4 acA8 6.0 0.5 1.0 1.B

ALOOA 142 76 HTAS 15 40 - RO <+ =
- FIPIRTMENTAL 1404 T8 6.0 1.5 1,0 - 0.250.1

214

.‘_,——ﬂ'dr";::;Mumhﬂu)
‘#f‘,dr' 0.00075 PERCENT/HR

// 76-3 (ALCOA 142)
0.
0.00016 pPacent/mm

; :w—ﬂ_‘@

(EXPERIMENTAL )

Q.00006° PERCENT/IR
CONTINUED 10 500 MR

(PARCET) | ,I
FEATNOMBIR Mg Co M Zr AL .A/
- &0 1.5 1.0 0.05 BAL, i
90A 60 1.6 1.0 .1 Do, "
e &0 L5 L0 .2 I,
M &0 L5 10 5 Do / 0.00085 . FERCRME/IR-

40 80 120 160
TIME, ER

. Figure 1.- Typical time-deformation curves for creep tosts run at 600° P and 1300 pat on cast
aluminum-bass alloys,
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ULTIMATE TENSILE STRENGTH, PSI

NACA TN No. 1444
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Figure 3.- Tensile strength of various alloys. All alloys stabilized
prior to testing at elevated temperaturses. Ssee table 13 for
compositions.
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50x103
!
45
o RAE 55, WROUGHT
a O——-—-RAE 55, CHILL CAST
40 3 + -RAE 400, WROUGHT
N . --RAE 40C, CHILL CAST
°\\ 8-———ALCOA 142, SAND CAST, HTA
\\ x ALCOA 254, SAND GAST, achA
. \\ W—-—-CM 62, SAND CAST, HTA
asl N Y—— EXPERIMENTAL, SAND CAST, HT
17}
[-H
” 30
a
g 25
20
15
10
5
100 260 500 600 700

300 400
TEMPERATURE , °F

Figure 4.- Vield strength (0.2-percent offset) of various alioys. All
alloys stabilized prior to testing at elevated temperatures. See

table 13 for componritions.
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Figure 5.- Elongation of various alloys. See table 13 for chemical



